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ABSTRACT

Nondcstructivc assay systems have been developed 10 al-
low data ~cqulsluon equipmcm [o operate unattended in an
uu[omatcd miAcd oxide facility, reducing inspcc[or [imc in #
fucllity and gwng [hcm time for other activities. Fewer in-
spmxor vlsi[s mews less impac[ on plant o~rators. Ncumon
dcwc[ors arc Iocmcd at key mcwxmcrncnt points in [he faciJily.
Xrar each detector is located an electronics cabinet, which
~.omains IWO JSP.- 1I shif[ rcgis[cm, two COMPAQ Portable
Ill computers, und ~ printer. The signal from the detector is
split find sent 10 em h shlf[ rcgis[cr for redundancy and rcliabil-
it~, The Soitwam ior ummcndcd operation consis[s rimaril

8C+d Iwo progritms. COLLECT and REVIEW. The C LLE
program runs cm the compu[crs in una[tcndcd operation; shift.
rcglstcr &s:.I m ouquircd each Ws. The COLLE~ program
dlstingulshc” bc[wccn a normal background and a discon-
ncc[ed slgnid, between matcnal moving near [he detector and
nuIIcnaJ In tic dctcuor, and whether tic mattial in the dctcmrr
IS J s~mplc or o ctildomium nomw]imtion sounx Dcpding
on [he type of assay, different data arc stored on the hard disk.
During m inspection, the inspector sIops the cu~nt measure.
mcnl ~.wnp~ign, cxumlrws Itlc dam from hh computers tnicfly
*II [he clccmonlc~ L’d’une!, copies the campaign dam 10 Iloppy
illsk, ~nd smns mwnhcr mcosurcmcm campaign, These rh
.wc ewmmscd l~,cr in :Inu[hcr Iocwion ~$ing tie REVIEW pro-
gr~m runlllng on high pcr?urmursue micrrxomputcrs: J
(l)\lPAQ DcskPru JW20 or cquiv~lcnt, The REVIEW pro.
grtirn uscs gruphi~mdLlisploys IO c,lublc [hc inspector 10 qllickly
wur~’h [Ilrllugh the nM\s Ivc wnounls of accumulated dtitis to
lcm when s~mplcs were mcirsurcd, Data from the d?swcd,
mc:lsurcmcnls trc [hen trmslrmcd to the International Alornlc
I;n?rgy Agency high-level ncutrrrn uolncidcnce pro~rtm il~r
I“urlhcr Jn~lysIs,

IN’I’NOI)l:(:’I”!()%

Llnil[[cndcd opcm~ion ior much shoncr periods oi [imc, typi-
k.Jlly ovcmlp~z.

Un~[[cndcd operation placed scvcr~l consma.inrson [he LIe-
slgn oi Ihe harowarc and software for [he syswm. 13CCJUSC11
would k difficult 10 redo unusuid mcilsurcmcnts. the sy-stcm
h;ld 10 tic highly reliable so that inspectors would bc ~’onldcn[
[h;~[ [hc d:ItJ [hey cxamlncd tit[he cnd of the month would
re!lec[ whal JcIuJlly happened. Several fcalurcs were LIe-
\Igned inlo [hc system [o increase the rcdunditncy imd rcliAml-
I[y. Such M dutil mcilsurcmcnt systems, electronics ctibinc[s
uslnrg [ampcr dctcc[lon Intcmational A[omic Energy Agency
(IAEA) seals, continuous c~blc runs, imd sof[warc sclf-di~g-
IN>SIICS10 dc[ccl Intcmsptions in lhc dma strcirm or unusu~l
nw~surcmcm ccmdicons.

‘l-hc sotlwar? consis[s of Iwo main programs, U1l.l.l;(-l’
L’(]n[rt]ls [hc shlit rcglslcr 10 collect data con[lnuously In Ihc
un.li[cndcd mudc, REVIEW is run d?ouI uncc a m~m[h I() L’K-
.Illllnc lhc l~rgc wnoums oidm collcutcd. The REVIEW’ pr~~-
Kr:Inl dso crcwcs dMis files [hat cun bc input into the lAEA-
high-level ncumm umncidcncc (HLNC) program [o uulcul~Ic
gr:lms oi piuumlum In [he sample. Scparaling the soltwm
1111(1IWO progr~ms UIIOWSthe inspector 10 spend mlnlmul IImC
In [he rwllutlun ~rc~ ~.~’’t~iltlg d~tu, The disIJ fr(ml Ik

(:( )1.1.EU progmm ctin bc cx:lmlncd m a more uomlurrddc
tmIIIIr(mnlcnl wllh [he REVIEW wnrksusliun L“lMSIpUiCr.“I”hr
(Jirniew ()!’ Itre s(~IIwiuc InwracmllunIS shuwn m Fig, 1,
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“I_htiInsrclor smrm o measurement c3mpaign hy selecl]ng
[he ‘f3cgm a Xew Jleasuremenl Campmgn”’ opmm on trmh
ctvnpu[trs. Atier verifying proper iunwonmg by wistuhlng
[h~ rcsul[s itx the first few m]nu[es. thl: opera[or seals the
clc~mmlcs c~bmet. 12u.nng [he ummcndcd o~rmion, tiara are
~~.qumd from the JSR - 11 shift registers in (0-s intemisls for
prrmds up m 35 ddys. Aflcr c~Cil 60-s mcwwemen[, [he
(’OLLECT program analyzes the dam LOdemrmne whm rype
~Jr’mn WJSJUSIcompktd and u@tcs she wnpiirgrr summary.
shown In Fig. 4. Several [CSISarc Ferfonncd:
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If the reals rwc IS IMIOW [he assay [hrcshold rate. [he
run IS a bw-kground md is examined to vcrrfy dim Irs
Iomls rme is wi[hm an cxpcud range (a disconnected
signal ~.vould prtxhm a riue of 0). If [he [our.lsrme is
lower [ban !his range, this run is a low background
md [he ticld Lrbclcd “Low backgrounds” is incrc -
men[ed on the c~mpalgn summary If the hfick-
grcmnd falls wl[hin [he expccmd mngc. [he “Normid
hwmkgrounds” field is Incremented. If [he tun IS J
Iwukground. tmly [he IOKIISdatir I mcuurt ncru [Imc
.snd duIe, mtals coun~s. count [Ime, ~d +IJIUS) MC
sdvcd on [he hud disk,

● }lvv~g~
It’ [k,: -ds ram IS irhovc [ht JssJy lhrcshold rim, the
run is an Jssuy ~nr.i lwh assay ~nd Imals duIa Me
~l(wcd on [he hirrd rilsk. Asstiy dflIa comprise [he
mcasurcrncn[ umc ;md he, IOKIISLsoun[s, reals + Jc -
L“Idcn Mls Lx)un[s. count umc, And a mcasurcmcn[
~IMus. ,.\s [he wmplc is mm-rrrg lnlo tic detector, the
runs we dbovc tmc.kground. I’NJIonly [he mcirsurc.
IIWIIN l~ken ~l”wr [he s~mplc IS piucd Inm Itw
L(usnmr ~re 1)1Imm-csI, “f’odctcmunc when rhc siml-
plc IS In the ~-twnlcr, [hc ‘l%; ICStIS perforrnd. only
w hen the ‘!”<; ICSI IS iitIsticd IS [he simple tissuIIIcd
It) W ~lutl~milry In tic counter

It .I (’( )1 1,1(.1 I amlrlsl~ll \ullllllaIv

● S.lnluk or t.’~llfomlum (c’t-) Js\Jy
It’ m dssay pwses [he T% [CSI, [he nex[ run IS .III:I-
Iyz.ed 10 dtIcrrrrIne whelher J sarnplc or (’t’ \OUrL”~”IS
tvin~ mcnrsured hissed cm [he retilsmmrls r:illo. t’I’

Jssirys h~ve d higher ratio than u mlwd oxIdc s;lnl-
plc. If [his run is a sample, [he even[s Iicld In Ihc
~“wnpmgn summ~ WII1 k lncrernenm.i by one.

. . . .

,-\ nomldizatioa source wllh J known ~-(mn[ row IS
sculed in one of [he L-ams[ers. [f Ihe Cf reuls mIc IS
hlg!l, [hen [he run is from [he nomudiza[mrr source,
wherwlsc i[ is from [he Cf check source. The
fippropnme field in ~he campaign summary IS In~’re-
mcnted by one,

.+I [he end of [he c~mpaign (2-4 weeks) [he inspccmr rc.
[urns [o [he u~binel, mspcc[s (he seal. opens [he ciIbIne I, cx -
mnlnes :he sys[cm, and compares OW campaign summtiws (]I1
the two compu:ers. The Iop section displays the p~riunclcrs
uwd in the analysis of Ihe curnpaign just finished. Thr mu.idle
wc[mrs includes rhc campaign stan timct Icngdl, md [he num.
her d ewh [ype of run during this umpaign, ‘Ilcsc nu[lltwrs
shIIuld he consis[cnr on [hc IWO computer syslems. ‘l-he h~l -
LIm plmmn ot’ Ihc campmgn summary pnnu+ rcsul[s 1)1 Ihe
m(MI recem runs. Af[cr cxamlnlng [he summu.ncs, [he In-

ywcmr wmrnuws [he currem campuign. prims u hwd copy i~I”
[he $ummary. copies LIICdaus fmm [his campaign onm ir tl(tppy
dI\k t’or Io[cr wwrlysls, md sfa,ns irrmhcr campaign. “l”hcIn

~pecmr rcpeim [he procedure on Ihc s:cond computer ml Ilwn
I- C.SWIS[he uahincl,
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Fig. 5. REVIEW progsamMM Menu.
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As\~y Even[s” (~p[lun. in which [he :issdy results l~w c.l~h ill-
dlvidud cwnpmgn w-e displ~ycd. llc rcsulls xc grouped 11:[0
.;vcn[s wilh [he lypc of coun[cr (PCAS, FAAS, e[c ) l~brlcd
ml ~n Indication of whe[her iI pa.nicular run pussed IIw [’~c;
lest in [he COLLlX71_ analysis. A sism,pleassay resulls scrccn
is shown In Fig. 7. TCJmansfer dum {o the lAEA-HL.SC pr(~-
gram. [he inspccmr tags a set O( runs and supplies ~n “IICII1
ID” [0 II.

The REVIEW program has other options such as displ~y -
ing which camp~igns arc available in [he database. prinling u
selected sel of [otals runs, calculming background values,
deleting data from the database, rsndchanging pammetcrs,

Once the inspcc~or has used REVIEW ro examine d~tu
from isll the detec~ors, he or she can tennina[e [he REVIEW
session. Two shorl programs mnomxrically transfer dism W[S
[~gged in REVIEW into [he IAEA -111.NC progm:n da[~b~sc.
The HLNC program [hen analyzes the data 10 detemlinc [hc
plutonium content.

AUTHE!VTICAT!3N OF DATA

In uddi[ion 10 [he redundancy of the dual measuremtn[
sys[ems ~nd software analysis by COLLECI’ 10 detect unusual

si[uatiorts such as no signal, counters scehtg signal for longer
or shoner than Ihe expccied iimc, etc., several hardware tea.
lures were designed 10 increase [he wslhenticity of [he d~~a.
The elecr.ronics cabinets containing ihc measurement equip-
ment were chosen because of !heir lampcr detection qualiiies,
The cabinel door hissan [AEA-mmpcr detection seal, which is
extimhsrd during each inspector visit m dw cabine~. and t new
seul insialled when the inspector leaves the cnbinet. L’mllinu.
uus cables run from [he clcctrcmics cisbinet [O [he detector.
‘Illesc c~blc runs can be visually cxiirriined by the inspector, {l
seruriiy c.ov:r encloses the cable conncc[ors at each de[ecmr,
TheswwiIy ~.over/seal combinuiion prevenls unr.ielcuwd Jc -
ccss 10 the detector electronics and cable connections.

(: ON(:LIJSIONS”

t~l~.h, REVIEW dssplnydtowmg mtals vs LJrrJCamt rds vs ume (w a
1}pKal mcasufcrnen:caqal~n.
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thc bottom UUNC (rwsls rate) indicate when ssmples an m Ihc
~wuf Ncl: ~he tolais riuc cume mdicit~es Ibis tune as well iis Ihc
Inovement of he sample mto utd out of tic dcmcmr. “Ile ln -
lcr%d cm k changed to expitnd thffercm areas of the graph by

~pccllymg a new slumng the and umc M well as (he mtcrvisl
m he dlsplsiycd. In [his manner qwafic peaks can be fully
cxamncd. AI my mnc, rhc use:m pnm the graph.

The ~raph in l:i~, h ,hr)ws Ihc aciivily in the cisnlstcr
Lxwnter In the fed sIomgc area. In the room wllh the counter
IS iI wucls on which uamslcrs of mtitend muve from Wriige
Irim [he pmcw urea or hick I(} wragc from ihe process arcit,
AIM) of Mercsl in Fig. h IS iI peak cm the muds graph [hot JArcs
111}1hil,vc L corresponding pwsk (m the reals graph, “I_hisImlI.
L“JICSwhen u l’unlsler wiIs nmvlng 10 Ihe pnrccss area on Ihe
mlpl’cnl Irw.k
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mnsua.mts on tie svstem because cia[a awhenncauon IS neccs-
s~, We found bese adhnonal consrramts relanvely easy [o
meet and rhe Ixnefir of unmtendd operation to lx worsh the
smd extra effort Ccdlecnng &ta m unmended O~mLOn has
se~eral advantages. The operator IXnctits from fewer inter-
rupuons because tic inspeaor spends fewer days in rhe plan~,
The inspector gasns because unattendd data collection fol-
lowed by a review pmcdurc allows tie examinarh of many
days 9! data in a single day by using graphical displays co
qtickly identify the events of int=sL Unattendeddata collw-
uon is parncularly well suited to counters that must & monl-
[ored continuously Ixcause material could move duough hem
aI any nsm, An integral part of rhe unattended data collection
scheme is a review prow; it must be able to provide quick
~ccess [0 the large a.moums of dala collected in the inspccuon
mtcrvd imd display tiat data so chat k itrtpman[ W are eas-
ily disccmable.

REFERENCES

1. J. E. Swansen, P. R. Collinsworth, and %4. S. l(ri~k,
\lulIIplIcI[y Sorwr for Shift-Register Colncldcnue Elec-

(rcmics, ”’ I_m Alamos Narional LaboraloW report L.-\-
‘)221-MS (Fcbruaq 1982).

2. S, F, Klosterbuer, E. A. Kern, and J. A, Painter. “PFPF
Canister Counter Software Operanons and Prwedures
\lanual, ” in “PFPF Canister Comuer Documema[lon
Manual. ” Los Alamos National Laboratory documen[
N- IW-89- I (PNC SA-0850-119-(111).

3. M. S. Krick, “Algorithms and Software for Data Acquisi-
non md Analysm Using Thermal Neutron Com,cldence
Coun[ers wl!hin [he IAEA’s lFSS/NCC Sys[em, ” Los
AIarnos National Mxnatory doctimctx LA-!JR-88- 1301.


